Commercially available capillaries containing calcium-titrated heparinate as an anticoagulant designed specifically for ionized calcium measurements in blood were tested with four serum pools with ionized calcium concentrations adjusted to 0'75, 1'25, 1·50 and 2·50mmollL. Although this is the best available
anticoagulant for this purpose, the use of these capillaries induced a ± 10/0 alteration of the original concentration around the titration level and changes of -2 to + 10% at pathological values. The amount of heparinate released exceeded the recommended limit of 50IU/mL of specimen with some variability (6% to 200/0). Increasing the amount of anticoagulant with the objective of avoiding magnetic mixing did not seem to be a valid approach. Finally, Radiometer, IL and AVL capillaries gave the best available and acceptable results in terms of alterations in ionized calcium.
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Although calcium-titrated heparinate is the best available anticoagulant for ionized calcium determination in plasma or whole blood, its use induces a calcium-'distortion'. It is predictable that the alteration is proportional to the difference between the effective concentration in the specimen and the level to which the anticoagulant has been titrated on the one hand, and to the amounts of calcium present in the specimen and in the anticoagulant on the other. For a given sampling device the latter depends primarily on the ratio of the specimen volume to the nominal volume of the device. 1 The evaluation of a capillary (or in general of a sampling device) for ionized calcium measurements requires answers to the following questions: 
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A series of commercially available capillaries (Radiometer, Ciba Corning, IL and AVL) containing calcium-titrated heparinate as an anticoagulant and meant specifically for ionized calcium measurements in blood have been tested to answer the first three of these questions.
MATERIALS AND METHODS
Since it is impossible to prepare a valid whole blood reference material to evaluate changes of ionized calcium levels on a statistically sound basis, tests were performed with serum. Thus, it was not possible to evaluate the effectiveness of anticoagulation. Test solutions consisted of serum pools adjusted to four approximate ionized calcium concentrations: 0'75 mmollL (EDTA added), 1· 25, 1· 50 and 2· 50 mmollL (calcium chloride added). Aliquots from each pool were tonometered (5% CO 2-95% O~in an IL 253 (IL, Lexington, MA, USA) and sampled anaerobically into syringes from which a series of 10 capillaries were filled. Values obtained directly from the syringe were taken as a reference.
For IL and Radiometer capillaries thorough mixing was obtained by the use of a magnetic agitator ('flea') according to the recommendations of the manufacturers. AVL and Ciba Corning do not recommend such a mixing device: however, in view of some preliminary results.! these capillaries were studied both with and without 'magnetic mixing'. The characteristics of the capillaries tested are presented in Table 1 . Ionized calcium and pH were measured by ion-selective electrodes (ICA2, Radiometer, Copenhagen, Denmark) yielding a three digit output obtained with an adequate printer linked to the instrument provided with a special electronic printed board.! this allowed an 0'140/0 coefficient of variation for ionized calcium to be achieved. Heparin was determined by its anti-Xa factor activity as measured on a chromogenic substrate" with a precision of ±0·03 IUImL in the concentration range of 0·25 to 0·80IU/mL: the samples had to be diluted by a factor ranging from 112DO to l/3DO according to the amount of heparinate present.
RESULTS
Induced changes of ionized calcium studied in a first set of experiments are presented in Tables 2, 3 and 4. Results were expressed as means of the 10 measurements and as percentages of the means of the reference values. Values below the heparinate titration levels were increased while values above it were decreased. There were slight differences between the four types of capillaries. These differences are shown more clearly in a graphic presentation: a general quantification of the induced changes is given by the regression line of the percent change as a function of ionized calcium concentration ( Fig. 1 ). While the lines for AVL, IL and Radiometer capillaries were quite similar, the Ciba Corning capillaries showed a quite different behaviour. In a second set of studies heparinate was measured in specimens drawn into capillaries. Table 5 shows the results expressed as means of the 10 measurements in IU of heparin/mL of sample. The precision of the measurement is also reported: it varied from one type of capillary to another with the variation of the dilution of the sample which was imposed by the differences in heparin concentration. 
DISCUSSION
The use of serum as a reference material was disputable. Aqueous solutions would not account for factors depending on viscosity and on the dissolution of the dry anticoagulant. Whole blood did not seem to us to be suitable: it was difficult to aliquot it in a sufficient amount; many different preanalytical errors could have affected an individual test and thus have induced a variability not related to the capillary itself; but, most importantly. whole blood had to be anticoagulated and this might have masked part of the effects which were to be studied. However a specific protocol using whole blood has been recently prcposed.V It was based on the difference obtained between two determinations: a first one made on freshly sampled blood (without anticoagulant), processed and measured within 1-2 min and taken as a reference; a second one from the same specimen sampled into the sampler to be studied. While ionized calcium measured on such a freshly sampled blood might yield at present the best available (but not clinically practical) 'true' value, statistics on the differences of such paired measurements did not seem to us to represent a valid tool to provide an answer to the first of our questions. One had to use the same reference material available in sufficient quantity to perform a statistically valid test on each type of capillary and eventually to study all types of capillaries. Modifications of the original ionized calcium values (Tables 2, 3 and 4) might be considered to be clinically insignificant, especially in the range of 'normal' values (±O·5OJo). However several small preanalytical and analytical errors, individually clinically insignificant, might add up and induce a significant total error. This is probably the major reason that ionized calcium measurements have a relativelypoor discriminating value, because such errors widen the reference interval which in turn induces an overlap between normal and pathological values. This is particularly critical for values at the limit of the reference Interval." In the interpretation of our results one has to take into account the fact that tests have not been run with whole blood: in our protocol" heparin was diluted in a volume twice that used in the clinical situation, assuming a 50070 haematocrit. Thus, the observed changes would be twice as large in real whole blood specimens (± 1070). Errors for low values reached + 3 to 5070, which would become + 6 to 10070 in whole blood and for higher values -1070 which would become -2070.
In the graphic presentation (Fig. 1) the slope of the regression line was a function of the calcium buffer capacity of the mixture (serum and dissolved heparinate). The addition of EDTA to obtain lower values changed this buffer capacity and thus the corresponding points did not fit the regression line. On the other hand the vertical position of the line would depend on the amount of added heparinate: the position of the Ciba Corning line below the other one suggested that this capillary was releasing more heparinate. That is why it was decided to measure the amount of heparinate released by the capillaries directly.
The heparinate measurements (Table 5 ) showed that all capillaries released the anticoagulant at concentrations above the recommended upper limit? which is 50 IU/mL for 'balanced' heparinate (compared with 15 IU/mL for sodium or lithium heparinate). One has to bear in mind that sampling into capillaries might render blood more coagulable: it has even been proposed that extra heparin should be added systematically (in a liquid form) for measurements in newborns and babies." While the heparinate concentrations yielded by IL and Radiometer capillaries might be acceptable, AVL and Ciba Corning capillaries released quite high amounts of heparinate. This was due to the larger heparinate content, which the manufacturers chose to obtain an adequate final concentration without the use of a mixing device, the latter being a factor in producing haemolysis. However, we compared the results obtained with capillaries used with and withhout mixing, both in tests of ionized calcium alteration (Tables 3 and 4 ) and heparinate release ( Table 5) : there were no statistically significant differences between the results obtained by the two protocols. Thus it might not be advisable to increase the amount of dry heparinate if a 'non-mixing' procedure is recommended. However, it raises questions about the usefulness of a mixing procedure if heparinate is able to dissolve by itself, at least under these conditions. The homogeneity of the capillaries can be estimated by the coefficients of variation and the ranges of the results obtained. The coefficient of variation obtained in repeatability studies without capillaries was 0 '14010. It appeared that for the Radiometer, IL and AVL capillaries at 1. 25 and 1. 50 mmol/L levels the coefficients of variation were practically equivalent to this basic repeatability which meant that these capillaries gave homogeneous results in this concentration range. At low (0' 75 mmol/L) and high (2' 50 mmol/L) concentrations the variability was higher, although similar in the three brands of capillaries: there seemed to be a coincidence due to the decrease in the denominator for the low values on the one hand and to an increase of the standard deviation (numerator) for the high values on the other. The Ciba Corning capillary showed a greater variability for the O·75 and 1· 25 mmol/L levels.
In the interpretation of the heparinate measurements one had to take into account the approximation induced by the magnitude of the dilution factor. However, the AVL capillary appeared to be more homogeneous than the IL and Radiometer samplers. Although the Ciba Corning capillary had a larger dilution factor, the range of the values obtained reached a range of 35-40% of the mean value compared with 20%-30% for the three other brands. Another cause of variability might be the variation in the volume of the Ciba Corning blood gas capillary 'flea' used in some of the experiments: there was a 20% CV in the calculated volume of these magnetic mixers (n = 10, diameter 0'65 mm, length 5·55 ± 1·21 mm).
CONCLUSIONS
Although calcium-titrated heparinate is the best available anticoagulant for ionized calcium measurements on whole blood, this work shows the limitations of the use of capillaries containing this product.
1. There was a definite modification of the original ionized calcium value, limited to ± 1% for values around the titration level, but which might vary from -2% to + 10% depending on the difference between the original value and the titration level, and probably on the haematocrit; 2. the amount of heparinate released by all capillaries exceeded the recommended limit of 50IU/mL of specimen. While Radiometer and IL capillaries yielded somewhat higher concentrations, AVL and Ciba Corning were definitely much higher;
3. the latter is probably because it was necessary to increase the amount of heparinate in the capillaries to obtain a sufficient concentration without using a magnetic mixing procedure, thus avoiding possible haemolysis. Our data showed that this approach was not valid, since the heparinate concentration obtained in the specimen with and without mixing were similar; 4. the production of these capillaries lacked homogeneity to a certain degree and this is mainly related to variability of the amount of anticoagulant released (reflecting, perhaps, variability in the amount incorporated).
Finally, Radiometer, IL and AVL capillaries caused similar ionized calcium modifications and yielded the best available and acceptable results. However, the existence of these heparinateinduced changes in ionized calcium justify the work in progress to promote the use of hirudin," a non-calcium chelating anticoagulant, now obtained by recombinant techniques.
